The magnetic susceptibilities of cobalt(II) and nickel(II) derivatives of carboxypeptidase A (CPA) follow the Curie law over a wide temperature range. The We have been concerned lately with the role of the metal ion in the catalytic activity of carboxypeptidase A. The Zn(II) ligands contributed by the polypeptide chain at the active site have been identified through a combination of x-ray diffraction (1-3) and sequence (4, 5) studies as His 69, Glu 72, and His 196. The x-ray results have shown further that the probable coordination geometry of the Zn(II) site is distorted tetrahedral, with the fourth ligand presumably being a H20 molecule in the resting enzyme. A distorted tetrahedral coordination site assignment also appears to be compatible with the electronic absorption spectrum of Co(II)-CPA (6), which is a fully active derivative (7, 8) .
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Our efforts have been channeled into experiments designed to elucidate the electronic ground and excited states of several metallocarboxypeptidase A derivatives, in the hope of establishing some connection between metal-ion structure and activity. We have been particularly interested in the question of whether the metal ion in its role in the multifunctional catalytic apparatus has been endowed with enhanced substrate-attacking properties by virtue of a special (9, 10) ground-state structure. The present paper deals with the ground states of cobalt(II)CPA and nickel(II)CPA, as characterized by measurements of variable-temperature magnetic susceptibility by our ultrasensitive, superconducting, quantum mechanical magnetometer. Measurements of Magnetic Susceptibility. All measurements were made on a superconducting, quantum mechanical magnetometer of ultrahigh sensitivity. Full details of the operation of the system will be described elsewhere (Wang, R. H., Hoenig, H. E., Rossman, G. R., and Mercereau, J. E., to be published). In our experimental setup, a superconducting sensor inductively coupled to an rf tank circuit induces a current due to a change of magnetic flux in the sample, arising either from movement of the sample or change of sample temperature. This induced current is used to drive a feedback loop so that the compensation current, which depends linearly on the sample-related flux, can be accurately converted into magnetic flux.
Two types of magnetic susceptibility measurements were made. In the first type, the total magnetic susceptibility in an axial field was determined by moving the sample from one pickup coil into another wound in the opposite direction so as to compensate the effect of the sample holder, which extends through both primary coils of the dc superconducting flux transformer. In a second mode of operation, the relative change of susceptibility was measured as a function of temperature up to 1200K. This change is independent of the large diamagnetic background arising from the host protein. The The visible absorption spectral maxima and magnetic moments of Co(II)CPA, Co(II) carbonic anhydrase, and selected Co(II) model complexes are given in Table 1 . Only four-and five-coordinate Co(II) complexes are included in the comparison, as both the positions and the intensities of the visible absorption bands of Co(II)CPA rule out an octahedral active-site geometry (6) .
The temperature dependence of the magnetic susceptibility of Ni(II)CPA is shown in Fig. 2 B.M., due to substantial orbital contributions (15) . Furthermore, the visible absorption spectrum of Ni(II)CPA, which exhibits band maxima at 14,600 (e 9) and 24,270 cm-' (e 27) , is consistent only with an octahedral ground state (Rosenberg, R. C., Root, C. A., and Gray, H. B., unpublished results). Apparently, in the Ni(II) enzyme, there are three H20 molecules included in a distorted octahedral coordination core of the type Ni(II)N204. The magnetic properties of Co(II)CPA can be accommodated more or less satisfactorily in terms of a five-coordinate or a distorted tetrahedral metal center. (1, 3, 5, 17, 18 ), but has not been considered in any detail previously because of the generally accepted view of a four-coordinate metal center. Whether coordinated H20 is of any importance at all in the catalytic activity of the enzyme is a question deserving of further study.
